involves microsomal P450s. Capdevila and colleagues have pioneered study of the role of these P450 metabolites and in this review describe the biochemical characteristics of P450 arachidonic acid monooxygenases in rat kidney, which are found to be members of different CYP gene families. The functional significance of these enzymes and their products is described with particular attention to vasoactive properties and effects on ion transport.
Study of renal P450 arachidonic acid monooxygenases indicates that their products significantly affect the physiological mechanisms that control fluid volume and composition.
Studies in experimental models of hypertension indicate the importance of these enzymes in certain aspects of this complex disease. Rat P450 4A1 and rabbit 4A4 are exceptions in that they generate only 20-OH-AA (13, 14) . To date, no 4A isoform has been identified that oxidizes AA exclusively at the co-i carbon (6) . Purified rat P450s 1A1 and 1A2, isoforms induced in liver by -naphthoflavone and dioxins, were more or less regioselective for AA oxidation at C16, C17, C18, and C19, but not at C20 (3, 4, 6 belong to the P450 2C gene subfamily (19, 20) and that, P450s 2C11, 2C23, and 2C24 are the predominant 2C isoforms expressed in the male rat kidney (20) . The cDNAs coding for rat P450s 2C11, 2C23, and 2C24 have been cloned from liver or kidney cDNA libraries (12) . P450s 2C23 and 2Ci 1 were expressed using a Baculovirus expression system and shown to metabolize AA exclusively via olefin epoxidation (20) .
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P450
0+ NADPH Figure   1 . Reactions catalyzed and products generated by the rat kidney microsomal arachidonic acid monooxygenase.
Epoxygenas. ii,i2-EET was the major product of recombinant P450 2Cii, followed by 14,15-and 8,9-EET (42, 34, and 24% of total, for 11,i2-, 14,15-, and 8,9-EET, respectively) ( Table 3) . As with P450 2C23, the 2Cii epoxygenase preferred metabolites were ii(R),12(S)-and i4(S),i5(R)-EET (82 and 66% optical purities, respectively) (Table 3) . However, the 8,9-EET was generated by P450 2C1 1 in a nearly racemic fashion (Table 3) . Based on stereochemical comparisons and nucleic acid hybridization experiments, it was concluded that P450 2C23 is the predominant AA epoxygenase isoform in the rat kidney (20) . Finally, rat P450s 2B1 and 2B2 (4, 6) are also active regio-and stereoselective AA epoxygenases.
5,6-EET
However, nucleic acid hybridization and immunological data suggested that their contribution to the overall AA epoxygenase activity of kidney microsomes is limited.
FUNCTIONAL
SIGNIFICANCE OF THE P450 AA MONOOXYGENASE
The physiological importance of AA early on suggested new and potentially important physiological roles for the P450 AA monooxygenase reaction. The inhibition by 5,6-EET of Na+ reabsorption and K+ excretion in the isolated rabbit cortical collecting tubule, the first report of a renal effect for products of the then newly discovered pathway of AA metabolism (18) , provided the initial impetus that focused interest on the study of its biochemical and functional significance in the kidney. A significant step in this regard was the demonstration of the in vivo biosynthesis of chiral EETs by rat, rabbit, and human organs, including the kidney, and their quantification in urine and plasma (2) (3) (4) (5) (6) (24) is difficult to rationalize the described vasoactivity of 5,6-, 8,9-, and li,i2-EET in terms of a common prostaglandin H2-dependent activation pathway leading to structurally and chemically unrelated products.
Transport effects
The reported EET effects on cellular ion fluxes offer, in our view, the best promise for a significant role for the P450 AA epoxygenase in cell and organ physiology. These effects are not only the best characterized, but also the most amenable to a molecular experimental approach. Work initially reported by us and confirmed by others (3, 6) 5 (J.tCi/ltmol) exactly as described (4.0). Products were extracted, purified, derivatized, and resolved by chiral phase HPLC as described (40). The reaction rates for Cyp P450s 2C11 and 2C23 were 5.1 ± 0.4 and 2.7 ± 0.13 nmol of product formed per min/nmol of Cyp P450, respectively, at 30#{176}C. With both recombinant proteins, EETs accounted for 95% of the total organic soluble products generated. and showed a concomitant reduction in urine volume and urinary excretion of epoxygenase metabolites (Fig. 2) (37) . Hypertension developed only after the combined effects of excess dietary salt and clotrimazole treatment.
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Furthermore, when either the salt or the inhibitor treatment was discontinued, the animals rapidly became normotensive (37). Control experiments indicated that neither prostaglandin H2 nor NO synthase was responsible for the development in rats of "salt-sensitive, clotrimazole-dependent hypertension" Groups of male rats (300-350 g body wt) were fed standard (0.4% NaCI, control) (A) or modified rat chow containing 8% NaCl for a total of 37 days (salt) (B). After 35 days, a group of salt-loaded rats was injected twice with a suspension of clotrimazole in corn oil (80 mg/kg body wt, i.p., once every 24 h). Urine samples were collected over an 8-12 h period and the concentrations of EET and DHET were measured as described (40). Mean arterial blood pressures (MABP) were measured as described (37).
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DS animals in the structure of their P450 2C23, 2C24, 4A1, or 4A2 genes. On the other hand, AccI and RonI digests revealed that the DR and DS genotypes differed markedly in the structure of a gene fragment recognized only by the P450 2C 11 probe. The AccI restriction digest shows a complex pattern of positive fragments ranging in size from approximately 1 to 9 kb (Fig. 4) . A 8.1 kb gene fragment, present in all the DR DNA samples studied and missing from the DS DNA digests, has been replaced by a DS-specific 6.5 kb fragment (Fig. 4) . This 8.1 (DR) to 6.5 kb (DS) replacement is the only difference observed between the P450 2C1 1 positive DR and DS gene fragments.
The AccI polymorphic 8.1 and 6.5 fragments (Fig. 4) are completely segregated between the DR and DS genotypes, respectively. None of the DR or DS samples so far analyzed have shown coexisting fragments.
Less complex hybridization patterns were observed with KpnI digests (Fig. 4) . Three 2C11 positive fragments
(from approximately 7 to 12 kb) were common to DR and DS samples (Fig. 4) . A 7.5 kb fragment, present in all the DR samples analyzed, was missing in the DS digests and was replaced by a DS-specific 11 kb fragment (Fig. 4) Figure 3 . Effect of dietary salt loading in the urinary excretion of epoxygenasemetabolites of Dahi salt-sensitive (DS) and salt-resistant (DR) rats. Groups of male DR and DS rats (280-300 g body wt) were allowed to drink freely either water or a 2% solution of NaCI for 7-8 days. Urine samples were collected for 8-12 h, and after extraction and purification their EET and DHET content was determined as described and Renal Care Group, Nashville, Tenn.
